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To our community of patients, providers, researchers and supporters:

On behalf of Carolinas HealthCare System, it's my privilege to share some of the exciting advances
we have been able to achieve across our growing and diverse research programs in this 2016
research report.

Since 2015, the number of clinical research studies across the system has grown by over 30
percent — arguably the largest annual growth for Carolinas HealthCare System in recent years. Our
work is deeply collaborative and rooted in a desire to improve patient care and outcomes in our
communities and beyond.

Our success, | believe, is due in large part to the quality and commitment of our clinicians and the
size and scope of the patient community we serve. Our clinical experience informs our research, and
our research in turn translates into better care in the clinic. Our drive to constantly delve deeper is
what keeps Carolinas HealthCare System at the forefront of science and medicine.

For example, our ability to perform sophisticated genetic analyses in the lab recently allowed
us to accurately diagnose a 10-year-old girl with a rare form of cancer — the first known pediatric
case in the world. The genomic profiling we performed helped determine the most effective
treatment regimen for her disease — stem cell transplantation — and today she is alive and doing
well (see page 15).

As a leading accrual center for many large, multi-center studies, we are helping to define and
improve the standard of clinical care. For example, we took a leading role in the SPRINT study, a
randomized clinical trial to evaluate standard versus intensive blood pressure control, which showed
that setting more stringent targets for blood pressure lowering can dramatically improve patient
survival and allay concerns around overmedicating patients.

Through our health outcomes research, we have developed pioneering apps that are allowing
surgeons to mine a wealth of patient data, which is allowing us to deliver better care (see page 36).

Since arriving, I've been continually humbled and awed by the commitment Carolinas HealthCare
System has made to support and expand the scope and depth of our research programs. | hope you
enjoy reading this report and learning about some of the many accomplishments of the research
programs at Carolinas HealthCare System. | know it gives me a deep sense of pride and inspiration,
and we look forward to future research endeavors.

With warm wishes,

George MclLendon, PhD
Vice President of Therapeutic Research and Development
Carolinas HealthCare System



Carolinas HealthCare System
Research and Expertise by the Numbers
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Research Operations

Building capacity and propelling research and therapies forward

“We help keep our research safe and compliant, and
can also bring innovative research opportunities to

our clinicians. It’s truly the foundation upon which
our research studies occur and excel.”
— Christine Becker, PhD, MBA, RN

Director of Research

According to the National Institute on Aging,
although most babies born in 1900 did not
live past age 50, life expectancy at birth

now surpasses 80 years in many developed
countries. Advances in therapies and disease
prevention have also translated into better
quality of life. Clinical trials are crucial to
expanding the clinical armamentarium of
evidence-based medicine, transforming
healthcare and making yesterday’s “fatal
diseases” today’s “chronic conditions.”

“Every drug and device that is currently
approved or marketed began as part of a
clinical trial,” said Mark J. King, assistant

vice president, Carolinas HealthCare System
Enterprise Research. "Without clinical trials
and the patients who volunteer to participate
in them, there would be no new therapies and
we would not be able to fulfill the mission of

Carolinas HealthCare System to improve health,

elevate hope and advance healing - for all.”

Groundbreaking clinical research has grown
in scale, sophistication and reach over

the past century. Carolinas HealthCare
System has an active and dynamic research
program that both traverses and connects
its clinical programs systematically and
geographically, and it increasingly draws
international acclaim. Research Operations
provides the administrative backbone and
operational expertise to support effective,
efficient cutting-edge research projects and
partnerships across our system.

A Valued Research Leader and Partner

Carolinas HealthCare System investigators participate in and lead Phase | to IV research, and the system
is frequently sought after as a core research site for clinical trials. We have also established research
collaborations with many leading academic centers across the United States and beyond, engaging in
multi-center research on a national and global scale. Our investigators have published their research in
leading journals, presented their findings at major symposiums, and are called upon as subject matter
experts in medicine. They are also active members of disease-focused research consortia, as well as
private, state and federally funded research initiatives.

Carolinas HealthCare System participates in:
e Academic research center trials
e Disease-focused consortia
* Investigator-initiated system-sponsored trials involving peer institutions
e Multi-site federally funded research, including studies supported by the National Institutes of
Health and the U.S. Centers for Disease Control and Prevention
e Trials sponsored by biopharmaceutical and medical device companies

Carolinas HealthCare System is not only in demand as a clinical trial site; it has been recognized for the
innovative approaches our clinicians and research teams use to advance our research mission. Many
projects begin with an idea from a patient, clinician or research teammate and are piloted on a small
scale before being implemented across Carolinas HealthCare System. From advancing innovative
medical devices to software solutions, novel treatments and therapies that address the mind-body
aspects of disease, our research operations team is helping to advance care for our patients and others
around the world.

Researchers from Family Medicine and Pediatrics partnered with pediatric patients and their caregivers
to develop an app called Carolinas Asthma Coach (CarolinasHealthCare.org/AsthmaCoach). Asthma
Coach incorporates shared decision-making and decision support to help standardize care delivery and
improve outcomes. All participants in a 2016 pilot study rated their experience with the Asthma Coach
highly and demonstrated an improved understanding of asthma. Efforts are currently underway to
integrate this innovative research product as part of pediatric asthma care across the system.

Jeko Madarov, MD, of Sanger Heart & Vascular Institute developed a longitudinal sternal device entirely
within Carolinas HealthCare System. He performed the first in-person chest implantation of the device
in 2016. The benefits of this FDA-approved device, as compared to rigid sternal fixation devices, include
simpler design, increased stability of the sternum post-surgery, and no need for replacement.
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Coordination and Innovation to Enable Impactful Research

Our commitment is to advance patient care and provide cutting-edge
experimental treatment options for our patients, while upholding the highest
standards of safety, research integrity, ethics and compliance.

“We help keep our research safe and compliant, and can also bring innovative
research opportunities to our clinicians. It's truly the foundation upon which our
research studies occur and excel,” said Christine Becker, PhD, MBA, RN, director
of research, who oversees the Office of Clinical and Translational Research.

Carolinas HealthCare System has made great strides in its research programs

in recent years. New initiatives and tools — achieved through cross-disciplinary
collaboration and the dedication of clinical research teams and support functions
— have bolstered our research infrastructure and enhanced the capabilities of

our clinical research program. Research Operations served a lead role in efforts
to improve patient access to trials, strengthen the processes to uphold study
compliance and safety, and streamline operations for trial sponsors, investigators
and patients.

Key operational initiatives advanced in 2016 include:

* Expanding the use of the OnCore® Clinical Trial Management System (CTMS)
to seamlessly integrate research management activities across the system

e Creating a pool of trained clinical research nurses and coordinators who
provide on-demand research study support

* Augmenting the training program for new clinical research coordinators

* Bolstering the training program for investigators regarding clinical trial
research, human subjects protections and regulatory compliance

These programs have been energizing for clinicians across the system, whose
collaboration has catalyzed the ongoing growth of the research program. On an
ongoing basis, Research Operations also supports and improves essential functions
such as REDCap (Research Electronic Data Capture), our centralized data collection,
storage, reporting and archiving system, as well as programs to support internal
monitoring, adherence and quality assurance for clinical trials.

Research across Carolinas HealthCare System is growing in scope, scale and
influence. In fact, the number of trials and patients enrolled throughout the system
is at an all-time high. Crucial to this growth has been a focus on the needs of

our patients, for example, by addressing common barriers to enrollment such as
awareness and transportation. Many Carolinas HealthCare System facilities now
offer patients access to clinical trials closer to where they live, which can be critically
important for people who may have limited therapeutic options or who cannot
travel far for clinic visits and treatments.

“Not only are we engaging in more clinical trials research, we are offering them in
more locations. Patients can participate at sites closer to home, which can make
getting to and from treatments easier,” said Becker.

TO IMPROVE Research is a core mission at Carolinas HealthCare System. Clinical studies
give us the ability to offer the best treatment options for our patients

H EA I_T H p and continue to advance new therapies and practices. The system’s

E I_ E V A T E medical faculty, affiliated physicians, residents and fellows are involved in

clinical research targeting specific illnesses, from cancer and neurological
disorders, to pediatrics and surgery.
H O P E ® More than 1,000 active clinical studies
AND ADVANCE * Translational research laboratories
e QOutcomes research programs
H EAI—' N G * Investigator-initiated clinical trials

- FOR ALL * National Institutes of Health-supported registries and interventional trials

Carolinas HealthCare System has a growing client base with more than 50 master trial agreements.

The Office of Clinical and Translational Research facilitates clinical research and
provides programs for direction, guidance, support, education and promotion of
regulatory compliance.

Key programs in 2016 included:

* Providing orientation and continuing education for research clinicians and
research assistants who assist with all aspects of study coordination

e Adding research monitors to a robust quality control program to ensure study
protocol and regulatory compliance

e Facilitating mentorship and preceptorship experiences for college students
enrolled in clinical research programs

e Coordinating the Research Summer Scholar Student Intern program
Coordinating all of the systems and processes that underpin our research
programs is a significant aspect of Carolinas HealthCare System. Our clinical

research associates, research nurses and regulatory professionals are unsung
heroes in advancing our research portfolio.
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New Business Development
New Infrastructure, Increased Efficiency, More Investigators

In 2016, Carolinas HealthCare System created a business development function
to help expand relationships with biopharmaceutical companies, medical device
manufacturers and contract research organizations. Through cross-functional
collaborative efforts, we further streamlined the assessment process for new
studies and added clinical research staff.

Serving in a matchmaker role, Business Development helps align the
pharmaceutical, biotechnology and medical device manufacturer with the
investigator within Carolinas HealthCare System who has the expertise, interest
and availability to lead their clinical research study. Partners save valuable time
working with one business development contact who has insight into and across
multiple therapeutic areas, as well as the ability to help expedite their studies
through the initial review process. On the flip side, Business Development
involvement can provide support and due diligence to Carolinas HealthCare
System research teams, allowing them to focus on patient care, manage active
studies and initiate new research in a timely manner.

"The approach focuses on efficiency and service for both partners and our clinical
research teams, providing our patients with more potential quality-of-life options,
aligning quality studies for a world-class program, and promoting service-based
collaborations,” said Nancy Zeleniak, director of Business Strategies and Client
Engagement at Carolinas HealthCare System.

Carolinas HealthCare System has a range of core research capabilities that
have been optimized to meet the needs of biopharmaceutical and device
manufacturers, including:

e Access to research teams with a high level of expertise

e A highly diverse subject population of more than 1 million patients
® A state-of-the-art research infrastructure spanning the entire system
¢ Quality research services across the system

e Considerable experience conducting multi-disciplinary studies

At Carolinas HealthCare System, modern-day biomedical research is unlocking innovative therapies to

prevent and treat diseases, reduce treatment side effects, and improve quality of life.
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Developed in 2016, the CHS ONE approach is a collaborative, streamlined management process of
clinical research teams and support groups working together from the time we hear about a study
opportunity to the point we start the trial. This unified, one-point, integrated handoff process includes:

* One business development liaison for point-to-point oversight

* A dedicated budget and contract professional, the Sponsored Programs administration liaison,
who interfaces with clinical research teams to enhance document processing turnaround time
throughout the study

® Support for master trial agreements, which provides time savings and makes the process of
opening new trials easier

e An upfront, transparent fee structure to help speed budget processing
e Rapid review by IRB partner of completed submissions
* One lead research manager, even for multi-disciplinary studies

* One principal investigator and coordinator for single or multiple-site studies, which promotes
quality control oversight

e One contract that is applicable across the majority of Carolinas HealthCare System

Other Important Highlights

Centralizing IRB Review: In late 2016, the National Institutes of Health issued new policies requiring all
Health and Human Services-sponsored research to utilize a centralized IRB process. In January 2017,
the federal Department of Health and Human Services announced significant changes to enhance
protection for research participants and modernize IRB oversight. Anticipating these changes,
Carolinas HealthCare System decided to partner with a research review company to provide IRB
services for its clinical research program.

Through this partnership, a secure, cloud-based technology, can provide real-time review of new
research submissions, facilitating patient access to studies as soon as our investigators have received
site activation from a trial sponsor. These attributes allow Carolinas HealthCare System to consolidate
IRB activity, enhance trial oversight, speed timelines and achieve a higher rigor of review across the
entire research enterprise. Our research team has been able to expedite research, completing a medical device study agreement,

from study notification through contract completion, in just 4.5 weeks.

2016 Research Highlights | Research Operations 1



Levine Cancer Institute
Research Endeavors

A nationally recognized program offering early-phase trials closer to home

Four years after its launch, Levine Cancer
Institute has made astonishing progress

in establishing a robust portfolio of basic,
translational and clinical research. The
Institute’s strong research competency is
evident from the overwhelming level of
demand from trial sponsors, collaborators and
patients to open new studies here — including
the types of Phase | and first-in-human trials
typically available only at major tertiary
institutions.

“I'm proud that we are providing
opportunities for our patients in a larger and
broader scope than ever before,” said Edward
Kim, MD, chair of the Department of Solid
Tumor Oncology. “It's very gratifying when we
can offer opportunities to patients who have
been treated and don't have many options.
Not every clinical trial is a success, but when
you have an option, it offers hope — and that's
a great thing.”

One unique advantage of Levine Cancer
Institute is our ability to support trial
participation not only at our main campus,
but also at numerous regional centers across
the Carolinas. “We are bringing both research

“There is a true interest in advancing and precision medicine closer to home for
research within this healthcare system.” our patients. We are one of very few sites in
- Belinda Avalos, MD the country with Phase | trials open at multiple
Vice chair of the Department of Hematologic locations,” said Dr. Kim.

Oncology and Blood Disorders

This accessibility is of tremendous value for patients, who may otherwise
have had to travel hours for study visits or forgo trial participation. It

also allows Carolinas HealthCare System to more rapidly accrue study
participants, particularly for studies involving rare cancer subtypes.

The past year has seen continued expansion of our research staff and
growth in the number of physicians with subspecialty expertise, enabling
Levine Cancer Institute to attract and run clinical trials in new areas. Our
physicians have also benefited from training opportunities to extend
their expertise in planning and conducting research, thus building the
skills to advance innovative therapies and expand the options available
to our patients.

“There is a true interest in advancing research and offering patients
innovative therapies at Levine Cancer Institute,” said Belinda Avalos,
MD, vice chair of the Department of Hematologic Oncology and Blood
Disorders. “Under (Institute President) Dr. Raghavan'’s leadership,
cutting-edge translational research programs have been established that
support investigator-initiated clinical trials utilizing novel drugs and drug
combinations. This has enabled us to offer patients at Levine Cancer
Institute the same level of care they would get at any major academic
cancer center, but closer to home.”

Facts & Figures

. More than 50 ' More than 20 @ Over 800 tumors

ongoing ‘ ongoing = genomically
Phase | trials hematology trials tested in 2016

EAPathways program facilitates clinical
decision-making including treatment,
clinical trials, patient resources

Qae, Genomic testing aval!able
398  throughout the Carolinas

®%%  HealthCare System network
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Early Access to Groundbreaking Therapies

Phase Il clinical trials offer patients a valuable opportunity to benefit from
emerging therapies before they are available on the market. But whereas Phase Il
studies often involve dozens to hundreds of institutions, early-phase trials typically
involve only a handful. Being home to more than 50 Phase | and first-in-human trials
—in addition to numerous Phase Il and lll studies for a wide range of cancers — means
patients have access to emerging treatments at Levine Cancer Institute that they
simply can't get elsewhere.

Our ability to attract sponsors and participate in trials at all phases of clinical
investigation is a testament to the quality of our research infrastructure and the caliber
of our research staff and physicians. “In four short years, we have built a large pool of
not only great doctors, but physicians with additional skills in conducting research,”
said Dr. Kim. “It benefits the entire region. Any place you go, you try to make it better
than when you started — and | think we've done that here.”

To ensure all patients have the opportunity to benefit from participating in clinical
trials, our EAPathways (Electronically Accessible Pathways) initiative embeds up-
to-date trial information directly into the treatment pathways. This mechanism
guarantees that all physicians are aware of ongoing trials, their current status and
pertinent enrollment eligibility criteria.

Offering Personalized Medicine at All Locations

Genomic analysis and other tools have dramatically expanded our ability to
tailor treatments to each individual patient in recent years. Levine Cancer
Institute now supports genomic testing at all of our regional sites, in addition
to our main campus, ensuring that each patient in our system can take full
advantage of available opportunities for personalized therapy. This includes
routinely sequencing patients’ tumors to identify the optimal course of
treatment for each patient’s specific cancer. For some treatments, we also use
a personalized approach to determine dosing based on indicators of how
quickly or slowly a given patient can be expected to metabolize a certain drug.

In addition to contributing to clinical trials, Levine Cancer Institute’s
researchers conduct basic and translational research in our own on-site
laboratories. The Hematologic Oncology Translational (HOT) laboratory, for
example, is one of only a few in the world with expertise in isolating leukemia
stem cells. Jonathan Gerber, MD, chief, Leukemia Section is collaborating
with Institute scientists and physicians to expand this technique to other
blood cancers. Using our expertise in molecular biology, growth factor
receptors and cell signaling, researchers in the HOT lab are investigating
processes that contribute to the development and relapse of blood cancers
as well as ways to identify unique properties of blood cancer stem cells that
distinguish them from normal blood stem cells. The lab is also studying
genetic factors that influence the incidence and aggressiveness of blood cell
cancers in different racial and ethnic groups.

“"What we've been able to do is not just bench research, but translational
research, where we go from the patient to the bench and then translate our
findings back to the patient — essentially ‘bedside to bench to bedside,"” said
Dr. Avalos, who is the director of the HOT lab. “Patients have the opportunity
to participate in research trials in which clinical information is gathered,
research studies are conducted on a patient’s own cancerous blood cells,

and the information obtained is then used to determine the best therapy and
optimize patient care.”

Our hematopoietic stem cell transplant program is the only such program

in the Charlotte area. To date, the program has performed more than 240
transplants in the short time since it opened in March 2014. The program has
also generated significant new findings and approaches to improve transplant
success. A personalized approach is being developed for drug dosing that is
based on sequencing targeted genes in individual patients. For patients in need
of a stem cell transplant who do not have a fully matched donor, the program
offers patients the option of undergoing a transplant using a “half-matched”
donor. This approach significantly expands the pool of potential donors since
most patients have living children or parents who can serve as half-matched or
haploidentical donors.

2016 Research Highlights | Levine Cancer Institute Research Endeavors
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The TAPUR Study: Advancing Targeted Therapies for Hard-to-Treat Cancers From Dogged Pursuit of Diagnostic Mystery to New Knowledge

It is a tremendous honor for Levine Cancer Institute to be selected as one of just four initial participating and a Disease in Remission
institutions in the Targeted Agent and Profiling Utilization Registry, or TAPUR, the first clinical trial

. . . - One diagnosis made recently at Levine Cancer age 65 or older), that it can be congenital, and
sponsored and organized by the American Society of Clinical Oncology. . S . .
Institute has had enormous implications for a that it can potentially be cured by a stem cell
In an effort to further advance personalized medicine and evaluate the anti-tumor activity and toxicity of patient and her family — and also reverberated transplant when the transplant is performed
commercially available targeted cancer drugs, the goal of this prospective trial is to match patients with throughout the oncology community. When a before evidence of disease acceleration.
cancer drugs that are targeted to the specific genomic variation implicated in their cancer. Eligible patients 10-year-old girl came to Carolinas HealthCare "Had di d this child and perf d
matching 17 genomic profiles receive free targeted therapy for multiple myeloma, B-cell non-Hodgkin System in 2014 with a blood cell disorder that Ha wel not hlagnOSZ'dt '; cni a|3 hpe orme
lymphoma or advanced solid tumors that have stopped responding to standard-of-care treatments. previous care providers had been unable to a transplant when we did, she would have
diagnose, the situation seemed dire. Thankfully, developed aworsening glls.ease, from whlch”she
"TAPUR is a consummate reflection of what Levine Cancer Institute does well — open innovative studies, HOT lab physicians and scientists in collaboration W9U|d likely have dléd within a short period,
focus on biomarkers and genomic medicine, and engage our regional sites in precision medicine trials,” with Levine Children's Hospital physicians were said Dr. Avalos. “Typically CNL affects much older
said Dr. Kim. “We are currently leading the country in patient accrual for this registry, and amazingly, we 2ble to trace her disease to a mutation in the patients who go on to die of their disease within
have just as many patients being enrolled at our regional sites as at our main campus.” CSF3R gene, leading to a diagnosis of chronic two years. Our patient is the first child to .unglergo
neutrophilic leukemia (CNL). In May 2016, she a stem cell transplant for this disease, which is

the only known therapy with curative potential.
I'm proud to know we've made a difference for

this child, and that we're making a difference

] g at age 12, she is doing well and there is no
More Research nghhghts evidgence of Ieukemiag for all patients with CNL through our innovative

underwent a successful hematopoietic stem cell
transplant with her brother as her donor. Today,

Immunotherapy Innovations: Levine Cancer Institute runs a large portfolio of studies involving agents research studies.

that enlist the patient’s own immune system to fight their cancer. This includes active studies in all clinical But her story doesnt end there. The patient's

diagnosis with CNL at Levine Cancer Institute

hases and agents targeting multiple tumor types.
. < g - 1 has actually changed what we know of the natural

One noteworthy achievement, for example, was the completion of a Phase |l trial of the drug history of this disease. As we recently reported
olaratumab, which recently gained FDA approval for treatment of soft-tissue sarcoma. Levine Cancer in the journal Blood, our case is the first to
Institute was pleased to offer our patients the opportunity to participate in this trial for the first drug in demonstrate three previously unknown aspects
several decades that has been proven to increase survival for patients with sarcoma. of CNL: that it can occur in children (previously it

had only been reported in older patients, typically

Looking forward, Levine Cancer Institute will further expand its cutting-edge immunotherapy work with
the launch of a Chimeric Antigen Receptor (CAR) T-cell therapy trial in early 2017 for the treatment of
lymphoma, under the direction of Nilanjan Ghosh, MD, PhD, chief, Lymphoma Section.

Offering New Options for Blood Cancers: Saad Usmani, MD, chief, Plasma Cell Disorders Section,
leads a number of clinical trials aimed at expanding the treatment options available to patients with
plasma cell disorders such as multiple myeloma and amyloidosis. Dr. Usmani was the lead investigator
for a novel clinical trial using antibody therapy with daratumumab for treatment of myeloma. Through
Dr. Usmani, Levine Cancer Institute enrolled the most patients in the United States, which led to FDA
breakthrough designation of daratumumab in 2015.

Building the Biospecimen Repository: Our system-wide Biospecimen Repository (BSR) coordinates the
collection and processing of tissue and blood samples from a large number of patients. This repository
is instrumental to our researchers’ ability to identify new drug targets and ask crucial research questions.

2016 Research Highlights | Levine Cancer Institute Research Endeavors
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Levine Children’s Hospital

Research Endeavors

“As we move ahead, we are looking forward to
increasing the number of trials designed and led
by our own investigators, while continuing the very

important and impactful collaborative efforts we

are involved in nationally.”
— Suzette S. Caudle, MD

Interim chair of the Department of Pediatrics at
Carolinas Medical Center and Levine Children’s Hospital

Treating pediatric patients not only means
providing the best therapies and optimal care
practices — it means bringing hope to seriously
ill children and their families. Levine Children’s
Hospital actively pursues research to find new
cures, improve the care experience and give
more families reasons for hope.

Participating in drug trials, for example,
enables our physicians to offer promising
treatment options to children who would not
otherwise have access to them. It also gives
our medical teams valuable experience with
emerging innovations and techniques for
treating a variety of conditions, from cancer to
infectious disease to congenital disorders.

“We feel very fortunate to be able to bring our
patients the latest knowledge and therapies,
to make an impact on how they live with these
conditions, and to alter the course of these
conditions,” said Suzette S. Caudle, MD,
interim chair of the Department of Pediatrics
at Carolinas Medical Center and Levine
Children’s Hospital. Noting that physicians at
Carolinas HealthCare System are not required
to participate in research as part of their jobs,
Dr. Caudle said she's proud of the fact that so
many are motivated to undertake research in

order to continually improve and optimize care.

“The primary reason our physicians are here is to take care of patients day to day.
But they have the curiosity, insight and wisdom to really go above and beyond by
participating in research to try to improve care in the immediate term and in the
future,” said Dr. Caudle. “I'm extremely proud of our investigators and all of the
supporting professionals who make this work possible.”

One unique aspect of the Levine Children’s Hospital research program is its emphasis
on improving how care is delivered, in addition to what therapies are used. “We are
especially interested in focusing on studies that we hope will have a direct impact

on how we take care of patients, and on how quickly and fully they return to health.
We are very excited about working at the intersection of research and quality
improvement in order to ensure we are providing the very best treatment options for
the individual, in the most effective and efficient way possible,” said Dr. Caudle. This
focus is at the heart of the Center for Advancing Pediatric Excellence and pervades
disease-specific efforts throughout our departments.

Working with other institutions through collaborations, registries and networks
amplifies the value of these research efforts. “Since many childhood illnesses

are, thankfully, uncommon, working with multiple sites allows investigators to get
meaningful information much faster and pool it — and therefore impact patients
sooner,” said Dr. Caudle. "As we move ahead, we are looking forward to increasing
the number of trials designed and led by our own investigators, while continuing the
very important and impactful collaborative efforts we are involved in nationally.”

2016 Research Highlights | Levine Children's Hospital Research Endeavors
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Pursuing Personalized Solutions in
Hematology-Oncology

With more than 90 ongoing clinical trials,
Levine Children’s Hospital has a robust
research program for children with cancer
and blood disorders. One of our growing
areas of emphasis is personalized care; a
number of newer trials involve characterizing
each patient’s tumor and then tailoring the
treatment plan accordingly.

“Many of these trials are the only ones of their
kind in the Carolinas, and we're often one of
only a handful of institutions in the country that
are doing this work,” said Dr. Caudle. “That
really sets us apart and enhances the options
we can offer our patients.”

Our physicians are active in trials for new cancer
drugs and drug delivery mechanisms, as well

as pursuing studies of survivors of childhood
cancer. In 2016, for example, Javier Oesterheld,
MD, reported encouraging outcomes from

a novel combination of mitoxantrone and
clofarabine for treating relapsed leukemia. Other
trials our investigators have brought to Carolinas
HealthCare System include a study using
gemcitabine and abraxane to treat relapsed
solid tumors (through the Sunshine Project, a
national consortium for solid tumor research); a
novel trial for brain tumor treatment conducted
in partnership with Nationwide Children'’s
Hospital; and a study of ambulatory blood
pressure in survivors of childhood cancer.

More than 90 ongoing
clinical trials in pediatric
hematology-oncology

Facts & Figures

We also have a robust research program for
children with blood disorders such as sickle cell
anemia. One 2016 care improvement study, for
example, was able to shorten hospital stays for
children with sickle cell by more than one day
on average. That's a remarkable achievement
that can make a world of difference for patients
who often spend significant amounts of time in
the hospital, disrupting school attendance and
family life. In addition, a study involving 10 of
our sickle cell patients showed minimal toxicity
and impressive survival with bone marrow
transplant using haploidentical donors —
findings that our investigators have been invited
to present nationally on several occasions.

Matthew Saxonhouse, MD, director of the
Center for Pediatric Research, leads several
efforts to improve outcomes for the very
youngest patients — newborns with thrombotic
events or bleeding problems. This includes
participation in the NeoHat study, a multi-site
trial aiming to reduce the risks from platelet
transfusion and better understand bleeding
risks for neonates in the NICU. Looking ahead,
Dr. Saxonhouse, along with Dr. Ashley Hinson,
plan to develop a neonatal thrombosis center
to improve outcomes and treatment modalities
for neonates with stroke and other thrombotic
events. Levine Children’s Hospital will be the
only site in the Carolinas offering this type of
unique service.

in other areas (enrolling a total of more
‘ than 2,000 patients) are being conducted
through the Center for Pediatric Research

@ An additional 50 ongoing clinical trials

Building the Evidence Basis for Better Nephrology Care

Although treatment guidelines and protocols are available, there has been a dearth of research to
support evidence-based care for children with kidney diseases and there remains a significant need
to improve health outcomes for these patients. Emblematic of our dedication in this area is the Levine

Children’s Hospital Pediatric Nephrology Center of Excellence, launched in October 2016. The center is
designed to promote patient- and family-centered care by enhancing patient and clinician engagement,

conducting clinical research, and developing best practices to transform the patient experience. With
funding from donors and operating under the leadership of Susan Massengill, MD, and Cheryl
Courtlandt, MD, the center is well-positioned to build a strong reputation as a regional and ultimately
a national leader in clinical trials for children with kidney diseases in the coming years.

The new center builds on a long-standing record of active participation in trials for children with
kidney diseases. We currently have 10 ongoing studies in this area, including studies on nephrotic
syndrome, hypertension in children with chronic kidney disease, and rare diseases such as atypical
hemolytic uremic syndrome. Three ongoing NIH-sponsored studies include the Chronic Kidney
Disease in Children (CKiD) study, for which we have longitudinally monitored cardiovascular risks,
growth, cognition and disease markers in children with chronic kidney disease for 10 years; the Cure
Glomerulonephropathy Network (CureGN) study, for which we have seven enrolled patients; and the
Clinical Phenotyping and Resource Biobank Core (C-PROBE) project, for which we have enrolled 97
patients and 33 family members.

Our physicians are also playing leadership roles in the NephCure Accelerating Cures Institute (NACI),
a seven-site clinical care network that pools patients and investigators to conduct clinical trials for
nephrotic syndrome. In addition to contributing to longitudinal follow-up for nearly 100 patients,
Levine Children’s Hospital also hosted the first inaugural NephCure walk for North Carolina as part of
our participation in NACI. Having been identified as a national leader in glomerular disease research,
we were selected as a regional site for a clinical trial of intravenous abatacept for treatment-resistant
nephrotic syndrome.

2016 Research Highlights | Levine Children’s Hospital Research Endeavors
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More Research Highlights

Improving Rheumatology Care: We actively contribute to the Pediatric Rheumatology Care

and Outcome and Improvement Network (PR-COIN), an international collaborative that involves
representation from the entire medical team to develop best practices and disease management
strategies. One project, for example, has shown improvements in process and outcome quality
measures in more than 3,700 pediatric juvenile arthritis patients seen at collaborating institutions.

Opening New Options for Juvenile Arthritis: Although a wide variety of approved medications
are available to adults with arthritis, only a limited number are approved for use in children. We
contribute to trials assessing the safety and efficacy of several drugs in the context of juvenile
arthritis, including certolizumab, golimumab and tofacitinib. We also are part of the CARRAnet
national registry, helping to advance basic research on juvenile arthritis and track outcomes
associated with specific medications. Under a collaboration with Cincinnati Children’s Hospital, we
contribute to an NIH-funded gene expression study seeking new biomarkers for diagnosing and
predicting response to medications in juvenile arthritis.

Examining Key Questions in Pediatric Orthopaedic Trauma: Several initiatives are underway

to enhance care and treatments for pediatric patients with orthopaedic injuries. We are one

of six participating sites in the Registry of Orthopaedic Trauma in Children (ROTC), a network
established to advance clinical studies on the incidence and severity of injuries and explore
treatment strategies. With more than 2,000 enrolled patients, ROTC is already leading to multi-
center collaboration on studies. In a separate study, our researchers reported this year that near
infrared spectroscopy (NIRS) provides an objective measurement of distal perfusion to aid in
monitoring perfusion after supracondylar humerus fracture.

Innovative Immunotherapies: For children who are immune compromised, our researchers are
pursuing therapies that replace crucial immune agents to boost patients” ability to appropriately
respond to infections.

Improving Outcomes for Traumatic Brain Injury: Our Division of Pediatric Critical Care has
enrolled 24 patients in the Approaches and Decisions in Acute Pediatric TBI Trial (ADAPT), a
multi-center, international study seeking to optimize treatment for children experiencing severe
traumatic brain injury.
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On the Hunt for Innovative Treatments
for Rare Neuromuscular Diseases

At Carolinas HealthCare System, children with
neuromuscular diseases such as limb girdle
muscular dystrophy, Duchenne muscular dystrophy
and congenital myasthenia not only receive
outstanding medical care, but also the opportunity
to benefit from promising emerging therapies.

Our patient care and basic research activities are
intricately intertwined both operationally and
physically; Levine Children’s Hospital is right next
to our state-of-the-art basic science laboratories,
and physicians and researchers meet regularly

to discuss cases and plan research projects. A
partnership with the University of North Carolina at
Chapel Hill offers further opportunities to advance
cutting-edge neuromuscular disease research.

One such clinical trial explores a new treatment,
called eteplirsen, which targets the primary genetic
defect behind Duchenne muscular dystrophy.
Children with this debilitating disease face a high
risk for respiratory failure, recurrent infections and
heart failure. In a project spearheaded by the
McColl Lockwood Muscular Dystrophy Research
Laboratory, we are working to develop a genetic
treatment for patients with limb girdle muscular
dystrophy, another debilitating disease affecting
the skeletal muscles.

2016 Research Highlights | Levine Children’s Hospital Research Endeavors

Unraveling the Mysteries of
Infectious Diseases

Despite incredible achievements in immunization
and anti-microbial therapy, infectious diseases
remain a serious risk for children. Amina Ahmed,
MD, and others in our infectious diseases
department, pursue research in several areas

to understand and fight both established and
emerging infectious disease threats.

In partnership with the University of Alabama at
Birmingham, for example, Carolinas HealthCare
System in 2016 began a vital new trial aimed

at more effectively detecting and treating
asymptomatic cytomegalovirus, or CMV.
Although it often shows no symptoms, CMV can
lead to serious consequences such as deafness
and developmental delay. Detection and early
intervention can lead to significantly improved
outcomes for these infected infants.

Tuberculosis (TB) is another active area of study.
Levine Children’s Hospital contributes to a large-
scale CDC-led epidemiological study seeking to
identify pockets of latent TB to further curb the
spread of the disease. We also have participated
in clinical trials to advance shorter and simpler
treatment regimens for latent TB.
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Neurosciences Institute
Research Endeavors

Blending care, community and a tireless quest for cures

“| believe we’re ahead of the curve in
ceeina that addressina 1intreated mental

“We've really fought hard to keep the research
in the clinic, and | think that’s been key.

It's seamless for the patients — when they come
in for their research visits, they can very easily
meet with their physician and their nurse.”

— Donna Graves, MD
Medical director and multiple sclerosis specialist at the
Carolinas HealthCare System’s Neurosciences Institute
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Being diagnosed with a neurological condition
such as Alzheimer’s disease or multiple sclerosis
is a life-changing event often fraught with fear
and confusion for patients and their families.

By combining outstanding care with forward-
looking science and active engagement of
patient communities, Carolinas HealthCare
System strives to be a haven for patients facing
these daunting diagnoses.

Because many neurological conditions remain
incurable, the chance to participate in clinical
trials and contribute to basic research is a comfort
and a draw for patients. In addition to potentially
benefiting from emerging medical advances,
patients and their families value the frequent
interactions with the expanded care team that
comes with study participation.

"We've had patients who seek their clinical care
here because they've heard about our research
opportunities,” said Donna Graves, MD, medical
director and multiple sclerosis specialist at
Carolinas HealthCare System’s Neurosciences
Institute. “"Our researchers really take ownership
of these patients and work in partnership with
the physicians as active participants in the

care team.”

Research opportunities have continued to
expand as our patient population and the
expertise of our physicians and support staff have
grown. "One thing that really makes us unique
across the country is our size,” said Dr. Graves.
“We have 12 neurology clinic locations and a
large subspecialty practice, so the volume of
patients we care for makes us an interesting site
from a sponsor perspective. They know we have a
large patient population to pull from and can get
a trial going quickly.”

A major strength of the Carolinas HealthCare System
model is the close integration of clinical and research
work. “We've really fought hard to keep the research
in the clinic, and | think that's been key. It's seamless
for the patients — when they come in for their research
visits, they can very easily meet with their physician
and their nurse,” said Dr. Graves.

That integration is evident in the personalized
approach to supporting patients’ participation in
studies. Dr. Elena Bravver, MD, principal investigator
for the Alexion trial studying efficacy of the drug
eculizumab for myasthenia gravis, pointed to one
study participant who was finding it difficult to make
it to appointments because of his role as caregiver
for his wife at home. Without someone to care for
her during his trips to receive infusions, he feared
he'd have to drop out of the study. In response, the
research team and the trial sponsor devised a system
to allow him to receive infusions at home. If the
investigational treatment works, it could improve the
patient’s quality of life and also support his ability to
continue caring for his wife.

This commitment to service extends beyond the
walls of our facilities. “We have been very active in
the community. Our research teams frequently go
out to patient support groups, national consortia
and patient educational conferences so that they
can share research opportunities and findings,”
said Dr. Graves.

That type of engagement is crucial to ensuring our
work reaches those who can benefit from it the most —
and in the process, offers patients and their families a
little more clarity, and a little more hope.

Seeking Ways to Stave Off Alzheimer’s Disease

Despite decades of research, drugs that effectively
treat Alzheimer’s disease remain frustratingly elusive.
Our researchers are actively pursuing new avenues
for predicting, detecting and interrupting the
progression of this devastating disease. This effort has
two main prongs: one focused on early identification
of high-risk patients and the other on treatments
aiming to delay the disease’s most severe stages.

A large ongoing international trial with 50 sites that is
being led by Robert Mitchell, MD, medical director
for neurology at Carolinas HealthCare System,
focuses on early identification of Alzheimer’s risk.
The study, titted The TOMMORROW Study, was
initiated after researchers discovered variants of two
genes — known as APOE and TOMMA40 — that appear
to interact in a way that increases the likelihood of
developing Alzheimer’s disease. The trial, which

will track over 3,000 healthy older individuals for

five years, aims to uncover whether a biomarker
combining age and gene variants can be used to
predict a person’s disease risk.

One impetus for the study is to help doctors get

a jJump on treating Alzheimer's in patients before
they develop the full-blown disease. “As part of a
routine physical you typically have your cholesterol
checked, and that gives you a sense of your risk
for heart disease. Similarly, the idea here is that if
we can identify factors that increase your risk for
Alzheimer’s, we can use that information to try to
prevent or slow the disease in those individuals
later on,” said Dr. Mitchell.

2016 Research Highlights | Neurosciences Institute Research Endeavors
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Another team of researchers, led by Oleg
Tcheremissine, MD, is working to advance
drugs that could fill in the second part of that
plan by helping to stem the progression of the
disease. Dr. Tcheremissine has had a laser focus
on defeating Alzheimer's since his own mother
succumbed to the disease just four years after
her diagnosis. He is the principal investigator for

several clinical trials examining high-profile novel

therapeutics aiming to reduce levels of amyloid-
beta protein and amyloid plagues in the central
nervous systems of patients with Alzheimer’s.

These experimental therapeutics may even
help alleviate behavioral and neurological
deficits. Currently, no therapeutics that prevent
or slow the progression of Alzheimer's disease
are approved for clinical use. For this reason,
these clinical trials serve not only as a vehicle of
innovation, but also provide patients and their
caregivers access to advanced diagnostics,
rigorous clinical care, and emerging treatment
options before they are available on the market.

The opportunity to participate in these trials

is also a source of tremendous hope and
satisfaction for many patients and their families.
One such trial participant is Peter Oosterhuis,

a longtime CBS golf broadcaster and seven-
time European Tour winner. Oosterhuis and his
wife Roothie have been enthusiastic advocates
of Alzheimer's research since he received a
diagnosis of early onset Alzheimer's in 2014.

18 active trials and
registries including more
than 550 patients total

Facts & Figures

“We had to come face to face with Alzheimer's
and deal with it,” recalled Mrs. Qosterhuis in a
video interview. “Our life totally changed. It's a
devastating diagnosis and it takes a long time
to accept it.” When Dr. Tcheremissine offered
the chance to participate in a drug trial, she
said the couple immediately decided to enroll
Peter in the study.

“It's so inspiring to do this for somebody else.
We want to help people that get Alzheimer’s

in the future, to help them have a better chance
than we have. That's why we're doing it, and
we're very thrilled to be here,” said

Mrs. Qosterhuis.

Oosterhuis was referred to
Oleg Tcheremissine, MD, director of
research at Carolinas HealthCare System,

who enrolled Oosterhuis in a clinical
trial that uses a drug that could slow the
progression of the disease.

More Research Highlights

Enhancing Recovery After Stroke: Current trials examine post-stroke care and standards

of practice. The Stratis registry tracks long-term outcomes in patients treated with
neurothrombectomy devices. The MaRISS registry, enrolling now, aims to elucidate outcomes of
tPA treatment in patients with mild and rapidly improving stroke.

Emerging Therapy for Muscular Dystrophy: In addition to enrolling muscular dystrophy patients
in the MDA registry, we have enrolled 24 patients with muscular dystrophy in Marathon DMD, an
open label, expanded access program for the investigational drug deflazacort (MP-104), which has
been submitted for FDA approval for treating Duchenne muscular dystrophy.

An additional 10 trials
in the planning stages

Welcome News for Multiple Sclerosis

Jill Conway, MD, leads Carolinas HealthCare
System'’s participation in a number of drug trials

for the nervous system disease multiple sclerosis
(MS). A Phase lll trial, called Oratorio OLE, in 2016
reported results showing the new drug ocrelizumab
significantly reduced clinical disease progression.
A related study, Opera OLE, suggests the drug

is also effective in reducing the likelihood of
relapses. As of the end of 2016, the drug was being
considered for approval by the U.S. Food and Drug
Administration (FDA).

“That approval would be huge, because it would
be the first drug ever for progressive multiple
sclerosis,” said Dr. Graves. “I'm very pleased that
Carolinas HealthCare System was able to offer
this drug for our patients early on through this
clinical trial.” The system is currently enrolling
more patients to receive ocrelizumab through an
expanded access program.

Additional studies are underway investigating
other therapeutic approaches and treatments for
patients in different stages of MS. These include
the IVSS trial (alemtuzumab); Optimum-Acetelion
(ponesimod); Arpeggio (laguinimod); Expand OLE
(siponimod, BAF312); Extend (daclizumab, BIIBO19);
and Opexa (Tcelna™).

Offering Options for ALS

Recruiting a sufficient number of patients can pose
a significant challenge when conducting clinical
trials for rare diseases such as amyotrophic lateral
sclerosis (ALS). Our MediciNova trial overcomes
this challenge with 70 patients enrolled — a
remarkable achievement for such a rare disease.
The study is a randomized, double-blind, placebo-
controlled trial to evaluate the safety, tolerability
and efficacy of ibudilast (MN-166).

In addition, we have enrolled more than 400

total patients in the MDA registry, which collects
data on patients with ALS, Duchenne muscular
dystrophy and spinal muscular atrophy. We also
have 10 enrolled ALS patients in the Phase llI
Cytokinectics trial to evaluate tirasemitiv and are in
the process of enrolling patients for the Neuraltus
Phase Il study of NPOO1 for ALS patients with
elevated systematic inflammation.

2016 Research Highlights | Neurosciences Institute Research Endeavors

27



28

Ahead of the Curve in Behavioral Health

It is estimated that only 40 percent of Americans with a mental or
behavioral health problem actually receive treatment, and a fraction of
them receive evidence-based care and show measured improvement. As
part of our commitment to offering the very best care for all patients with
neurological or behavioral disorders, Carolinas HealthCare System has
implemented a number of initiatives to more effectively reach and treat this
historically underserved patient population.

According to John Santopietro, MD, chief clinical officer for Carolinas
HealthCare System’s Behavioral Health, there may be as many as 100,000
people in the Carolinas HealthCare System region with untreated or
undertreated mental health problems. Connecting these patients to
appropriate care could impact not only their mental health, but also their
physical health and overall costs, because untreated mental illness is one of
the biggest drivers of unnecessary healthcare costs.

“As healthcare continues its transformation from ‘volume’ to ‘value,’

we're trying to do as much clinical research as we can to support system
transformation,” said Dr. Santopietro. "I believe we're ahead of the curve in
understanding the immense value we can provide by addressing untreated
mental health issues. We're very committed to having this research feed
back into the care at Carolinas HealthCare System and improve it.”

One major initiative is the integration of behavioral health into primary
care. Primary care teams now use an adapted version of a model called
IMPACT to screen for mental health concerns and provide immediate
mental health treatment — via a live video connection with a behavioral
health care provider — as an integral part of the primary care visit. Two years
and over 8,000 patients after its launch, data suggests the model not only
helps patients improve from a mental health standpoint, but also results in
improved physical health and reduced inpatient utilization.

We also are working to advance quality of care in the inpatient setting.
Since Carolinas HealthCare System Behavioral Health-Davidson opened in
2014, this 66-bed hospital has used innovative care models, such as a 7-on,
7-off staffing rotation schedule that has been shown to enhance continuity
of care for patients. In addition, each patient’s medical team now includes
a pharmacist, an internist, and a peer support representative who has
personally experienced mental illness, increasing patients’ trust and ability
to connect with their care providers.




Sanger Heart & Vascular Institute

Research Endeavors

Delivering extraordinary innovations sought after by patients and peers

Dr. Rinaldi performing transcatheter aortic valve
replacement in the hybrid operating room.

“We are one, coordinated system without barriers to
collaboration and innovation.”

— Michael J. Rinaldi, MD

Interventional cardiologist
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At Sanger Heart & Vascular Institute, we not
only deliver the highest quality care to each
and every patient today — we continually push
the envelope in order to bring better care
tomorrow. Our research program has yielded
cutting-edge therapies and techniques that
have revolutionized treatment of serious
cardiovascular conditions, helping patients
around the world to live longer and more
enjoyable lives.

"Given our working environment, quality of
care and reputation, we are able to attract

and retain some of the best physicians in

the country,” said Michael J. Rinaldi, MD,
interventional cardiologist. “We are truly world
class: Other surgeons from around the country,
and indeed around the world, travel to Sanger
to learn techniques being developed here, and
we are frequently invited to present our work
internationally.”

Our integrated care model, high volume of
patients and outstanding in-house expertise
make Carolinas HealthCare System uniquely
well-positioned for continued growth in
research leadership across multiple areas of
cardiovascular medicine.

“We are one coordinated system without
barriers to collaboration and innovation,”
said Dr. Rinaldi. "All subspecialties of adult
and pediatric cardiology, cardiac surgery, and
vascular surgery are part of the same group,
all working in the same environment with the
same process and goals. This facilitates an
incredible incubator for new ideas and care
delivery models, and allows a nimble and
coordinated process for implementation.”

One particular strength is in pioneering minimally
invasive techniques, which allow patients to get
back on their feet in days — rather than months —
after a cardiovascular procedure. Our physicians
are also making valuable research contributions
in stem cell therapeutics, cardiac imaging, and
treatments for atrial fibrillation and advanced
heart failure.

The combination of exceptional patient care
and a robust research infrastructure attracts
patients, sponsors and collaborators alike. “It's
the entire team — the skill of the doctors, the
dedication of the technicians and the expertise
of our research team really sets us apart,” said
Joseph T. McGinn, MD, chair of the Department
of Cardiovascular and Thoracic Surgery within
Sanger. “In addition, since our system has such
a large volume of patients, we can acquire data
very quickly, and many research projects can be
published in less than a year’s time. That makes
us very attractive as a research collaborator.”

Advancing Transcatheter Therapies for
Valvular Heart Disease

Surgical replacement of the aortic valve is a
lifeline for patients with aortic stenosis, who face
an extremely poor five-year survival rate without
it. But conventional valve replacement requires
open-heart surgery, which entails a months-long
recovery period and is considered too risky

for some patients. Transcatheter aortic valve
replacement (TAVR) has emerged as a game-
changing option in which the valve replacement
is carried out through a catheter inserted in the
leg instead of open-heart surgery. This minimally
invasive approach allows many patients to leave
the hospital within one to two days, followed by
a short recovery period at home.

Carolinas HealthCare System has been a

leading enroller in TAVR trials. Initially tested in
patients considered too ill for open-heart surgery
(PARTNER I trial), TAVR is now the standard of

care for high-risk patients. In 2016, the technique
gained FDA approval for use in intermediate-risk
patients after the PARTNER Il trial demonstrated
TAVR was superior to surgical aortic valve
replacement in this group as well. Sanger Heart
& Vascular Institute is now participating in the
PARTNER Il trial to investigate the potential
benefits of TAVR in low-risk patients.

“This work is critical because most patients

with severe aortic stenosis are not high-risk,

and favorable results from the current study
could expand access to this minimally invasive
technology to the majority of patients suffering
from this condition,” said Dr. Rinaldi, who
oversees the system’s participation in TAVR trials.
“This could be life-changing for many patients
and may have significant implications for care
delivery in the United States.”

Carolinas HealthCare System has also played a
leading role in testing the MitraClip transcatheter
mitral repair system, a catheter-based technique
for treating mitral regurgitation, the most
common valvular heart disease in adults. As

with TAVR, MitraClip is designed to improve
outcomes and shorten recovery by using a
catheter instead of open-heart surgery to access
and repair the faulty valve.

Findings from the EVEREST |l trial, published

in the New England Journal of Medicine, led

to FDA approval for MitraClip in patients with
symptomatic primary mitral insufficiency who
are poor candidates for surgery. Today Carolinas
HealthCare System is the highest volume
MitraClip repair program in the Carolinas.
Moreover, we are currently a top-10 enroller

in the COAPT trial investigating MitraClip's
potential benefits for patients with symptomatic
secondary mitral regurgitation who fail optimal
medical therapy. “This landmark trial will provide
crucial guidance to inform treatment for a group
of patients with a significant unmet need,” said
Dr. Rinaldi.

2016 Research Highlights | Sanger Heart & Vascular Institute Research Endeavors
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Getting Patients Back on Their Feet in Days With Minimally Invasive CABG

Coronary artery bypass grafting (CABG) has long been a mainstay of treatment for coronary heart
disease and remains the most common type of open-heart surgery in the United States. But with a
standard recovery period of about three months, the lifesaving procedure can be extremely disruptive
for patients and their families.

By using specialized surgical devices inserted through the ribs, Dr. McGinn accomplishes CABG
without the need for open-heart surgery, dramatically reducing patients’ pain and recovery time. It's a
welcome improvement for patients eager to get back to work and other daily routines after surgery.
One patient, for example, needed surgery for his severe angina but was hesitant to leave his bread
truck route for too long. “We used the minimally invasive approach, and he was able to get back to
his route within a week or two after discharge — to the great relief of his wife, who had had to drive the
truck in the meantime,” said Dr. McGinn.

Thanks to Carolinas HealthCare System’s high volume of CABG patients, McGinn has been able to
apply the minimally invasive approach for many patients over a short period of time, demonstrating
its immense advantages. In addition to reducing recovery time for surgery-eligible patients, the
approach is also offering new options for patients who are considered poor candidates for open-heart
surgery. Such patients show better outcomes with minimally invasive CABG both in the short term

and in the long term compared with open-heart bypass surgery. Dr. McGinn recalled one patient who
went into cardiac arrest at home and came to Carolinas HealthCare System in grave condition. After
receiving minimally invasive bypass surgery, she was able to return home and is “doing fantastic,” said
Dr. McGinn. “It's really a testimony to the fact that this type of surgery can be applied to just about the
sickest patients, and they tolerate it quite well.”

Dr. McGinn, assisted by a multidisciplinary surgical team, performs minimally invasive coronary artery

bypass grafting.

Stem Cell Therapy: Using Tomorrow’s Medicine, Today

Stem cell therapy is expected to be one of the most transformative cardiovascular treatment advances
of the decade. Carolinas HealthCare System is an established center for investigational stem cell
therapies. It's also the fourth highest-volume enroller nationally in a major study of the use of stem cells
to regenerate left ventricular mass and function in patients with large areas of damaged heart tissue.
Sanger Heart & Vascular Institute researchers also contributed to a completed study that demonstrated
the benefits of stem cell therapy for refractory angina. We are currently enrolling for a study of the use of
stem cells for myocardial regeneration in congestive heart failure patients.

“This is the future — a groundbreaking opportunity to really benefit our patients,” said Dr. McGinn.
“Stem cell therapy trials are very unique and cutting-edge, and we're honored to play a part in that.”

Facts & Figures

Oversees 50+ clinical trials, involving more than 40 Sanger Heart & Vascular
Institute faculty members

>

436 enrolled research patients (as of December 2016)

among the top 10 enrollers for eight of these trials

1’\ 18 studies were open to enrollment at some point in 2016; of these, Sanger was
E Over 150 publications, abstracts and national presentations

More than 100 cardiac physicians with expertise in every cardiology and surgical
specialty, at more than 20 locations throughout the Carolinas

r' » Innovative endovascular solutions for complex vascular diseases, including the
) world’s first implantation of a branched stent graft specially designed to repair
thoracic aortic aneurysms

2016 Research Highlights | Sanger Heart & Vascular Institute Research Endeavors
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More Research Highlights

A Beta Site for FFR-Enhanced Coronary CT Angiography: As the largest US healthcare system
that is actively contributing to the ADVANCE registry, Carolinas HealthCare System is at the nation’s
leading edge of coronary artery imaging. The new technology, which just became the first-line
stress test modality in the United Kingdom, incorporates mathematically derived physiology FFR
calculations into CT angiography to offer extremely high-quality imaging with significantly less
radiation than a coronary angiogram.

Next-Generation Ventricular Assist Device (VAD): Carolinas HealthCare System is the leading
enroller for the HEARTMATE |l study, investigating enhanced VAD technology for treating
advanced heart failure.

Ablation as First-Line Treatment for Atrial Fibrillation: The CABANA trial investigates whether
ablation should replace medical therapy as the first-line treatment for atrial fibrillation.
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Dr. Frank Arko: A World-Renowned Pioneer in Vascular Surgery

The achievements of Frank R. Arko, MD, are
emblematic of the boundary-pushing spirit

and remarkable level of skill and expertise

seen across Sanger Heart & Vascular Institute.
Recognized as one of the top vascular surgeons

in the world, Dr. Arko has developed innovative
patented technologies, pioneered new forms of
endovascular stent graph therapy, and been called
upon to teach advanced endovascular techniques
worldwide.

Aneurysms occurring in the aorta present
significant risks, and their surgical removal can be
a complicated endeavor. Traditionally, treatment
for aneurysms in the thoracic or abdominal aorta
required open surgery, associated with significant
morbidity and mortality, and a long recovery. The
emergence of endovascular stent graft therapy
changed that paradigm dramatically with improved
patient outcomes and a faster recovery — but
options for patients with aneurysms in hard-to-
reach areas, such as along the aortic arch vessels,
remained limited.

That changed in 2013, when Dr. Arko became the
first surgeon in the world to implant a branched
thoracic endograft for complex descending
thoracic aortic aneurysm disease involving the
aortic arch vessels. The successful implantation
of the Valiant Mona LSA system kicked off a
groundbreaking clinical trial led by Carolinas
HealthCare System and Cleveland Clinic.

Building on the success of that effort, Dr. Arko

is now involved in planning a study of new stent
graft technology that aims to address aneurysms
in the ascending aorta, an area that has remained
treatable only through conventional open-heart
surgery — making Carolinas HealthCare System,
once again, one of only a handful of institutions
in the world to bring the promise of endovascular
advances to more patients with life-threatening
aortic aneurysms.

2016 Research Highlights | Sanger Heart & Vascular Institute Research Endeavors

35



Surgery Research Endeavors

Pioneering innovations from the individual patient to the entire care system

“....We are at the forefront of measuring not only
the standard, traditional outcomes of surgery, but
we have really pushed hard on measuring and

improving the quality-of-life outcomes as well.”

—Todd Heniford, MD

Chief of the Division of Gastrointestinal
and Minimally Invasive Surgery
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The General Surgery Research Laboratory

at Carolinas HealthCare System is a nexus

of excellence recognized the world over.
Surgical techniques, decision-support tools
and care improvement processes pioneered
on our campuses have earned us a strong
reputation for providing outstanding care for
even the most complex cases. Our surgeons
are devoted to relentlessly pursuing, rigorously
testing, and insightfully deploying new
methods, tools and procedures to both extend
and improve patients’ lives.

“Quite honestly, from this institution we've
changed the way surgery is done worldwide,”
said Todd Heniford, MD, chief of the Division of
Gastrointestinal and Minimally Invasive Surgery.
“A lot of that comes from the complexity of

the patients we take care of and our ability to
follow them closely. It's also the way we care
for patients holistically. We are at the forefront
of measuring not only the standard, traditional
outcomes of surgery, but we have really
pushed hard on measuring and improving the
quality-of-life outcomes as well.”

One example is the Carolinas Comfort Scale®
(CCS), developed and patented by Carolinas
HealthCare System surgeons in an effort

to better evaluate and track quality-of-life
measures for patients undergoing hernia
surgery. The scale has been translated into
more than 20 languages and is used in more
than 30 countries, including by the government
health systems in France and the United
Kingdom. A recent international study using
the CCS for 4,000 patients demonstrates

the scale’s value for evaluating quality-of-life
factors including physical function, pain levels
and sensation after hernia repair — the most
common operation worldwide.

Clinical excellence is the driving force behind these
research endeavors — and a major draw for patients,
partners and trainees. “The value of our work is
evident in the research we've done, the papers that
we've published, the national and international
lectures that we've given,” said Dr. Heniford. “We've
had more than 3,500 surgeons come here to watch us
operate. And of course other doctors and surgeons
see the outcomes of our work when their patients
return home after a complex procedure here.”

One common thread throughout our research is

a focus on the practical. Many efforts are directed
toward systemic quality improvement, while others
focus on techniques and approaches that are
immediately applicable in the operating room.

Our system has also become a leader in the use

of technology to propel advances and rapidly
disseminate knowledge and tools around the world.

“Our research is patient-centered and can be impactful in a time period that's very tangible,” said
Brent D. Matthews, MD, professor and chair, Department of Surgery. “Philosophically, the research
that we feel has the greatest impact is the research that gets all the way to the bedside where we're
actually managing and caring for patients. The most frequent question we ask ourselves is how can
clinical care redesign affect the patient experience, quality and cost?”

The value of these efforts is apparent in the improved outcomes among patients and in the positive
feedback we receive from patients and their families. But from the day-to-day perspective of our
surgeon-scientists, what really sets Carolinas HealthCare System apart is a culture and community that
fosters innovation and makes it fun to come to work every day.

“Working with my colleagues makes it all worth it,” said Dionisios Vrochides, MD, PhD,vice chair of
Quality and Evidence-based Practice and associate professor of surgery, Division of Hepatobiliary and
Pancreatic (HPB) Surgery. “Our people work very hard, and they are always smiling and very enthusiastic
about what they do. We are happy that we can often be the first place in the United States to offer a new
option to patients — we carry the Carolinas HealthCare System badge with pride.”
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Achieving Better Outcomes Through a
Focus on “Prehabilitation”

One illustration of our holistic, patient-centered
approach is a push to advance “prehabilitation,”
which centers around methods to get patients in
the best possible shape before surgery in order
to aid their recovery afterward. This can include
anything from nutritional interventions to patient
education to sophisticated predictive analytics.
By ensuring patients are mentally and physically
well-prepared for surgery we can simultaneously
improve health outcomes and empower patients
for a positive overall experience.

CEDAR (Carolinas Equation for Determining
Associated Risks), for example, is a mobile
software application we developed to support
prehabilitation for patients undergoing hernia
surgery. It uses patient-specific medical and
lifestyle information to calculate the risk of
complications. But the app doesn't stop there.
By changing variables, doctors can illustrate in
real time how making changes before surgery
can perceptibly reduce a patient’s risk.

“When you have a patient who is overweight,
diabetic and/or smokes, it's challenging for
patients to lose weight, get their diabetes
under control or stop smoking before surgery,”
explained Dr. Heniford, who led the app’s
development and regularly uses it in the

clinic. “This app adds extra incentive for them
by demonstrating how they can decrease
complications. People will frequently look at

us and say, ‘Nobody ever spoke to me like this
before — | get it now.” It puts objective metrics on
how patients can lower their risk.”

CEDAR was developed based on 1 million data
points collected from 500 patients who were
tracked for a year after receiving hernia surgery
at Carolinas HealthCare System. After initial
internal deployment, we validated the app’s
predictions with tests at a separate healthcare
system. Now freely available through the iTunes
app store, the app has been downloaded in 140
countries. Follow-up research shows that using
the app not only improves health outcomes but
also reduces costs.

Innovative Tools to Eliminate Waste

When the Institute of Medicine reported in 2012 on the alarming level of
unnecessary medical expenditures in the United States, the institute identified
unnecessary medical services as a significant contributor to the problem. Carolinas
HealthCare System has made a concerted, multipronged effort to save our patients
money by eliminating unnecessary costs. One example is CESPA (Carolinas
Established Surgical Preoperative Algorithm), a decision-support application that
identifies which tests are truly necessary before a patient undergoes surgery — and,
importantly, which ones can be skipped.

The app integrates algorithms from all relevant medical guidelines with patient-
specific information — input by patients via a tablet-based 10-minute questionnaire
and verified by the provider — to produce a list of recommended pre-op tests.

The app, currently in beta, has been deployed at Carolinas Medical Center in
Charlotte, NC, and will soon be expanded throughout Carolinas HealthCare
System before being released nationally. An analysis of CESPA use in the first 346
patients revealed potential savings of more than $500 per patient by eliminating
unnecessary pre-op tests.

“The problem is that the algorithms put out by the medical associations are just
too difficult to use, so many providers just order all of the labs anyway,” said Dr.
Heniford, who oversaw the app’s development. “With this tool we anticipate
saving $7 million to $10 million at the Carolinas Medical Center location alone, by
eliminating things that simply aren’t needed. That's an incredibly dramatic impact.”
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An Enhanced Recovery After Surgery
(ERAS®) Center of Excellence

After an intensive, multi-year process we were
thrilled to have Carolinas Medical Center
designated a Center of Excellence by the ERAS
Society in 2016, becoming one of just 15 such
centers worldwide and the first in the United
States. This distinction recognizes our dedication
to applying evidence-based practices to improve
surgical care quality and patient outcomes. It also
identifies our center as an exemplar to teach ERAS
practices to other institutions. Currently more than
100 institutions are ERAS-accredited and more are
in the process of earning accreditation.

Initiated in the Division of Hepatopancreaticobiliary
(HPB) Surgery, already the ERAS practices are
being implemented in surgical departments
throughout Carolinas HealthCare System. ERAS
encompasses best practices for all aspects of a
patient’s surgery experience, as well as systems for
tracking compliance and outcomes.

“There are 23 components of this multi-modal
program, and you monitor compliance to the
protocols in order to target areas that have barriers
to implementation,” explained Dr. Matthews.

“It's a very comprehensive way of managing each
patient and also using data to drive and manage
improvement.”

Program audits 30 days, 90 days and one year
after implementation showed an increase in best-
practice compliance, decreased average length of
stay and a decreased readmission rate.

One implementation of ERAS is the Pre-Operative
Learning and Readiness in Surgery (POLARIS)
patient-education course. The program allows
patients undergoing open or robotic/laparoscopic
pancreaticoduodenectomy (Whipple procedure),
distal pancreatectomy and hepatectomy — as well
as their families — to visit the hospital before their
operation to receive a tour of the care unit, learn
about the surgery itself and prepare for post-
operative management. Patient questionnaires
show the program has a significant impact on the
patient experience and on patient’s understanding
of their surgery.

“Patients really like this program,” said

Dr. Vrochides. “They report feeling more
actively involved in their post-operative care,
understanding what to expect, and having their
family more involved in their pre-operative
education.”

More Research Highlights

Emerging Techniques for Minimally Invasive Surgery: Several ongoing trials investigate innovative,
minimally invasive methods for ablating tumors in the pancreas and liver. These techniques allow
surgeons to ablate tumors with less damage to nearby blood vessels. Microwave ablation, for example,
helps surgeons navigate through the liver to identify and destroy tumor tissue — akin to a “medical
GPS.”

Notable Firsts in Intrauterine Surgery: Dr. Courtney Stephenson, DO, in collaboration with HPB Surgery,
has pioneered specialized procedures for fetal surgery in the womb. For example, she is one of only a
few surgeons in the country to use ablation to address twin-twin transfusion syndrome, a rare condition
that results in unequal distribution of blood among twins in utero.

Exploring Artificial Intelligence: Our in-house software development teams are partnering with
physicians and researchers to develop artificial intelligence-based interfaces to aid in diagnoses and
patient follow-up. One application, for example, is designed to track healing after surgery by analyzing
patient-provided images of the incision using machine learning methods.

Advancing Colorectal and HPB Surgery: A number of ongoing clinical trials address quality
improvement methods for abdominal surgery. We also are home to several trials investigating new
medical devices such as mesh implants and abdominal wall reconstruction techniques.
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Division of Hepatology

Fast Facts: 6 publications; 1 book chapter; 4 presentations

The Division of Hepatology and the Center for Liver Disease and Transplant conduct state-of-the-art
research aimed at improving the lives of patients with a wide range of liver diseases. Our faculty have
presented and published the findings of their research at national meetings and in leading medical
journals. We currently have 261 patients enrolled in nine different clinical studies.

Research Highlights:

* Philippe Zamor, MD, is conducting a clinical trial of a novel oral therapy for hepatitis C, a serious disease
that can lead to cirrhosis, liver cancer and liver transplantation. Thus far, cure rates seen in these trials
exceed 95 percent, and the regimens are well tolerated.

* Andrew deLemos, MD, is taking part in several clinical trials investigating the potential benefit of new
medications for the treatment of nonalcoholic steatohepatitis, a form of nonalcoholic fatty liver disease
(NAFLD). NAFLD is one of the most common causes of liver disease worldwide and a condition for
which there is currently no FDA-approved drug. These new therapies are targeted at stopping the
progression of liver fibrosis to prevent the development of cirrhosis, reduce the risk of liver cancer and
reduce the risk of needing a liver transplant.

® Paul Schmeltzer, MD, is planning a clinical trial for the treatment of hepatocellular carcinoma (HCC, also
known as liver cancer), which occurs predominantly in patients with chronic underlying liver disease and
cirrhosis. In addition, Dr. deLemos is collaborating with four other academic liver transplant centers in a
retrospective study to identify risk factors for HCC development in patients with NAFLD. Laura Schrum,
PhD, director of the Liver Pathobiology Laboratory at Cannon Research Center, is collaborating with the
Division of Hepatology to identify promising biomarkers for HCC and liver fibrosis progression.

® Mark Russo, MD, medical director for Liver Transplantation and chief of Hepatology at Carolinas
HealthCare System, leads a study evaluating kidney function in liver transplant recipients. He also
serves as mentor for projects focused on evaluating the efficiency of liver transplant evaluation and
readmissions after liver transplant.

Advancing Patient Care and Improving Outcomes

Patients tell us that the opportunity to participate in clinical trials is a valued benefit of coming to
Carolinas HealthCare System for treatment of liver disease. Knowing that they are among the first
patients to access experimental therapies offers hope and comfort for patients facing serious diseases
that have limited available treatment options, such as NAFLD. Our researchers are passionate about
developing innovative therapeutic approaches to slow disease progression and help patients avoid the
need for higher-risk treatments.

Liver Pathobiology Research Laboratory

Fast Facts: 8 publications; 1 presentation; 2 grants

With the combined efforts of bench scientists and clinicians, the Liver Pathobiology Research Lab,
under direction of Laura W. Schrum, PhD, is uniquely positioned to investigate the intricate cellular and
molecular mechanisms behind liver pathologies and cancer. With an overarching goal of discovering
better diagnostic techniques and therapies, our researchers focus on genes and biochemical pathways
involved in hepatic fibrosis/cirrhosis with further advancement to hepatocellular carcinoma (HCC).

Research Highlights:

e QOur team is investigating the role of microRNAs during development of fibrosis/cirrhosis, which show
great potential for new diagnostic and therapeutic strategies in managing liver disease. For example,
our preclinical studies demonstrated that re-introduction of miR19b via an adeno-associated virus
inhibits development of hepatic fibrosis. We also observed similarities in miR19b expression in cardiac
fibrosis, suggesting miR19b as a global regulator of fibrotic injury. This work has resulted in a patent
application.

e Qur group is also examining Rev-erb, a transcriptional repressor, as a key regulator in hepatic stellate
cell activation. We have shown the therapeutic potential of targeting Rev-erb, using a biologically active
agonist, to impede the development of hepatic fibrosis in a CCl4-induced fibrotic mouse model.

* We were able to identify extracellular matrix protein, tenascin-C (TnC), as a potential non-invasive
biomarker for cirrhosis and liver cancer as well as an important signaling molecule in liver cancer
development. Further, patients successfully treated for HCC demonstrate decreased TnC compared to
patients without treatment. Recently, we have initiated studies to directly target TnC expression in order
to impede the development and progression of HCC.

e Qur group is focused on comparative-effectiveness and outcomes research projects that aim to
improve delivery, and value, of healthcare to patients with chronic liver diseases. One example of this
work is a retrospective study to determine the safety of prescribing aspirin to patients with liver disease.

Advancing Patient Care and Improving Outcomes

The Liver Pathobiology Research Laboratory is focused on performing outcomes and translational
research in close collaboration with clinicians with the goal of developing novel therapies and
identifying biomarkers to optimize healthcare for patients with liver diseases. Our liver research
program is making significant strides in improving the health of patients with chronic liver diseases by
transforming the way we deliver care and diagnose and treat liver diseases.
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McColl-Lockwood Laboratory
for Muscular Dystrophy Research

Fast Facts: 8 publications; 6 presentations; 6 grants

The McColl-Lockwood Laboratory focuses on translational research for muscular dystrophy, specifically
limb-girdle muscular dystrophy (LGMD) 2| caused by genetic defects in the gene FKRP. This disease
causes disruption of normal muscle structure and weakening of skeletal, cardiac and respiratory muscle
functions, often resulting in premature death. There is currently no cure or effective treatment for
LGMD2I.

Research Highlights:

e Qur laboratory established the fact that an AAV-FKRP gene therapy approach prevents disease
progression for LGMD21. The lab is now moving forward to pursue a clinic trial of this gene therapy.
With sponsorship from our pharmaceutical partner, this effort includes pre-IND preparation, dose
escalating systematic efficacy and toxicity tests of the AAV gene therapy in LGMD21 models.

e Currently steroids are the only option drugs prescribed for LGMD21, but their effectiveness in
modifying the disease is unknown. Our researchers are conducting a comprehensive evaluation of
steroid and bisphosphonate treatment in mouse models for muscular dystrophy, providing valuable
guidance for the clinical applications of these drugs and helping to identify new compounds with
higher efficacy and less side effects.

e Studies in our mouse models have also led to the discovery that, despite the obvious defect in
functions of the mutant FKRP gene, diseased muscles and some other types of tissues are able to
maintain their normal patterns of protein expression and sugar modifications. Defects in specific
sugar modification of critical cell membrane proteins are associated with the characteristic of patients
and diseased animals. These findings have led us to explore novel experimental therapies involving
modulation of gene expression and gene editing.

Physical Medicine
& Rehabilitation Research

Fast Facts: 30+ papers and abstracts in peer-reviewed journals, 40+ presentations and posters and 4
new federal or consortium grants

Our nationally and internationally known Physical Medicine & Rehabilitation researchers focus on
advancing the field and providing treatment and recovery enhancement for patients with traumatic
and acquired brain injury, spinal cord injury, stroke, neuromuscular and degenerative disorders,

and other disorders resulting in disability. Our researchers are funded to conduct rigorous trials of
treatments and devices, pursue translational investigations, and advance cutting-edge technology and
interventions. We foster productive partnerships with peer institutions and have led our community,
region and state in providing supportive services and opportunities for people with disabilities.

Research Highlights:

e With an NIH K-Award, Jesse Lieberman, MD, is investigating the effect of nutrition education after
spinal cord injury for improving body composition, cardiovascular risk factors and overall health.

e Janet Niemeier, PhD, is studying biomarkers and outcomes for traumatic brain injury along with
collaborators in Carolinas Medical Center Acute Care, Orthopaedic Surgery, Emergency Medicine,
OB/GYN Fertility and Cannon Research Labs.

* Mark Hirsch, PhD, is working with investigators in both the US and Holland to expand his Parkinson’s
research.

e Our investigators are also working on studies with Duke, Ohio State, University of Pittsburgh and
Indiana University with funding from NIH and the National Institute on Disability and Rehabilitation
Research. For example, Mark Newman, PhD, worked with the University of Pittsburgh to merge the two
sites’ traumatic brain injury (TBI) model systems and data on early post-TBI recovery.

e Qur researchers are involved with nine TBI Model Systems sites to explore gender differences in
outcomes for people aging with TBI; differences between adolescents, young adults and older adults
with TBI; pediatric TBI needs; and effect of comorbidities. In our role as an active data collection and
follow-up site, we have achieved 97 percent completeness for data collection and a 92 percent follow-
up rate.

Advancing Patient Care and Improving Outcomes

A series of focus groups conducted in 2016 revealed great enthusiasm for collaborating in research
among our former patients and their family members. Their desire to make the recovery journey better
for those who follow them dovetails perfectly with the sentiments and dedication of the physical
medicine and rehabilitation providers and researchers. Improving recovery and quality of life for
people who have disabilities is a primary goal for us, and it is gratifying that our research reaches far
beyond the walls of our facility and into patient and family communities.

We also are pleased to play a leading role in bringing new therapies and devices to patients. For
example, after more than 15 years of clinical trials in the area of neuromodulation for post-stroke
shoulder pain, Carolinas Rehabilitation was proud to learn that it will be the first US site to implant the
newly FDA-approved device developed by SPR-Therapeutics for this indication, and will be the first
training center for other providers.
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Department of
Obstetrics and Gynecology

Fast Facts: 29 presentations; 14 book chapters; 23 presentations

The Department of Obstetrics and Gynecology pursues basic science, translational research

and multi-center clinical trials to address a wide range of women's health issues. Our Division of
Reproductive Endocrinology and Infertility is involved in numerous studies designed to discover
new methods to enhance fertility and improve pregnancy outcomes for infertile couples, and our
Division of Gynecologic Oncology at Levine Cancer Institute focuses on improving cancer diagnosis
and treatment. The department also has a robust resident research program to equip our medical
residents with the skills and knowledge to pursue independent research.

Research Highlights:

e Under the supervision of Rebecca Usadi, MD, Carolinas HealthCare System is actively enrolling
patients in the NIH-funded Males, Antioxidants and Infertility (MOX]) trial. This randomized, placebo-
controlled, multi-center trial investigates an antioxidant formulation for the male partner. If effective,
this treatment would reduce the treatment burden on the female partner, lower costs and provide an
alternative for couples with religious or ethical objections to assisted reproductive technology. Because
some specialists currently prescribe antioxidants to men based on the limited data supporting their
use, a negative finding (lack of benefit) from this trial would also alter current treatment of infertile
males.

* Dr. Usadi is also supervising enrollment for the ACTorNOT trial, which examines optimal management
to resolve the nonviable pregnancy.

* Several investigator-initiated studies are exploring methods to simplify monitoring for ovulation
induction and intrauterine insemination using an ovulation monitor and a novel slow-release
insemination system; assessing optimal aspiration pressure for oocyte retrieval in women undergoing
IVF; and evaluating two methods of endometrial activation to enhance implantation for women
undergoing embryo transfer.

* In collaboration with researchers from the Cancer Pharmacology/Translational Research group at
Levine Cancer Institute, David Tait, MD, has helped develop an ovarian cancer translational research
program with a primary focus on genetic profiling of high grade serous ovarian/fallopian tube cancers.
The group presented research at the 2016 Society of Gynecology Oncology meeting and published an
article in Gynecologic Oncology highlighting the analysis of HOX genes in ovarian cancer.

Department of Orthopaedics

Fast Facts: 4 publications; 5 presentations; 5 grants

The Orthopaedic Biology Research Laboratory offers orthopaedic surgery faculty and residents
the opportunity to participate in clinically focused basic science research in disc degeneration,
osteoarthritis, bone fracture healing and bone physiology.

Research Highlights:

e Critical research funded by the North American Spine Society in 2014 and 2016 has expanded our
understanding of how cells within the disc can communicate with nerve cells and thereby potentially
directly influence nerve ingrowth into the disc. This research has direct clinical relevance related to
nerve ingrowth and pain, especially in regions where nerves penetrate into the disc via annual tears.

e The disc laboratory and its faculty are nationally and internationally recognized. Edward J. Hanley,
Jr., MD, received the 2013 lifetime achievement award from the International Society for the Study of
Lumbar Spine. Helen Gruber, PhD, received the 2012 Henry Farfan Award from the North American
Spine Society for outstanding contributions to spine-related research.

Advancing Patient Care and Improving Outcomes

Disc degeneration and its associated low back pain are a major health concern with high patient

suffering and a substantial economic impact on healthcare costs. Approximately 26 million Americans

(seven out of 10 people) suffer from back pain and patient care for this condition costs more than

$100 billion in health services each year. Unfortunately, there are limited effective therapy options for
degeneration-related back pain, and surgical procedures often do not reduce pain or restore function.

In a unique effort to help this patient population, Dr. Hanley has established the Carolinas Back Pain

Research Endowment at Carolinas Medical Center to support research focused on augmenting discs
with adult stem cells. The endowment was launched with a $1 million donation from one of Dr. Hanley's

Charlotte-area patients.
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Department of Oral Medicine

Fast Facts: 18 publications; 6 presentations; 8 grants

The scope of the research program in the Department of Oral Medicine ranges from clinical research
to translational bench-top research. Our department has obtained $12.5 million in National Institutes
of Health funding through six grants and supplements in the past four years; current studies address
important patient management issues at the interface of dentistry and medicine, ranging from oral
manifestations of systemic disease and its management to systemic implications for oral disease. Our
translational bench-top research is conducted within the Oral Medicine Microbiome and Translational
Genomics Laboratory. This research combines microbial metagenomics, genomics and computational
systems biology approaches to determine biomarkers of disease or complications of therapy.

Research Highlights:

e Several studies are focused on addressing antibiotic resistance. For example, Peter Lockhart, DDS,
received $625,000 from NIH via the Dental Practice Based Research Network to survey 2,500 dentists
nationwide regarding their preventative use of antibiotics prior to invasive dental procedures. Given
the increasing concern about antibiotic overuse, the project aims to address a pressing problem in
both dentistry and general medicine. In another study, from a translational research standpoint, Jean-
Luc Mougeot, PhD, is studying ways to manipulate the oral microbiome without antibiotics as a way of
reducing the emergence of antibiotics resistance or related complications.

* \We have enrolled 431 patients in OraRad UO1, a study run by the National Institute of Dental and
Craniofacial Research (NIDCR) focused on dental and oral medicine outcomes of patients who have
received high-dose radiation therapy to the head and neck region. This study will guide decision-
making and standard of care protocols for dental management of patients in the pre- and post-
radiation period. In 2016, the department was awarded a diversity supplement award to support
research training related to this study. In addition, our researchers are applying Human Oral Microbe
Identification using Next Generation Sequencing (HOMINGS) in the OraRad UO1 dataset to identify
microbial signatures predictive of oral complications of cancer therapy. We have identified significant
microbiome profile changes following radiation therapy, including increases in the relative abundance
of oral bacteria associated with caries and periodontal disease along with changes in clinical surrogate
outcomes measures for caries and periodontal disease. This research has been presented at several
conferences and the potential use of oral microbial profiles as biomarkers for oral complications
following cancer therapy has been filed as a provisional patent application.

e Our researchers are known for work investigating the connections between oral bacterial species
and conditions affecting the rest of the body, in particular the devastating cardiac infection known as
infective endocarditis. In 2016 our team received the prestigious Millard Award from The American
Academy of Oral Medicine for a publication that concluded infective endocarditis may come from
bacteria in the oral cavity, but that using antibiotics prior to dental procedures does not prevent it.
To build on this research we are now enrolling patients for a five-year NIH/NIDCR study aimed at
determining whether oral bacterial species associated with poor oral hygiene, gingivitis or periodontitis
may contribute to infective endocarditis. In related work, our researchers are using a metagenomics
approach to investigate the role of the oral microbiome in atherosclerosis; we recently determined, for
example, that the oral pathogen Porphyromonas gingivalis is the most abundant species detected in
clinically healthy coronary and femoral arteries of atherosclerotic patients.

* To determine oral microbiome profiles associated with the incidence and severity of oral mucositis,
we are investigating a cohort of adult and pediatric patients with leukemia undergoing conditioning
therapy for hematopoietic stem cell transplant. This work is presented in a monograph of the Journal
of the National Cancer Institute.

® By combining text mining and molecular pathway analysis tools, we have established a knowledge-
based gene expression database for Sjogren’s syndrome and related rheumatic diseases. This work
has generated several published abstracts and a provisional patent application.

* In collaboration with Carolinas Physical Medicine and Rehabilitation, our researchers are investigating
salivary biomarkers in Parkinson’s patients during exercise. Preliminary findings from this study have
been published in the Oral Diseases Journal.

Advancing Patient Care and Improving Outcomes

A recent case illustrates our comprehensive, coordinated approach to care and the ways our research
program helps to improve outcomes. A 42-year-old male was diagnosed with squamous cell carcinoma
of the right tonsil. The patient had no tobacco or alcohol-related risk factors, and it was determined
that his cancer was related to human papilloma virus. The cancer treatment plan for this patient was

to receive combined chemotherapy and radiation therapy (chemoRT) for his head and neck cancer.
Before the start of his chemoRT, dental clinicians at Carolinas Medical Center evaluated the patient

to eliminate potential sources of dental infection and minimize the risk of osteoradionecrosis (ORN)
post-chemoRT, which presents as necrotic jaw bone and has the highest morbidity of any long-term
complication post-chemoRT. The patient was approached and enrolled in the NIH-funded OraRad
surveillance study and at his 18-month follow-up visit, the patient was found to have early signs of
ORN. The patient was quickly referred for management of ORN by his clinicians and the impact of this
condition was efficiently minimized by our research staff. The patient completed his final follow-up visit
at 24 months with resolution of his ORN.
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Division of

Pediatric Nephrology & Hypertension

Fast Facts: 26 publications; 10 book chapters

The Division of Pediatric Nephrology & Hypertension, under the leadership of Susan Massengill, MD,
is involved in 10 active studies with a focus on children with chronic kidney disease, hypertension and
rare diseases such as nephrotic syndrome, atypical hemolytic uremic syndrome and bone disorders.
We view research as integral to advancing quality improvement strategies, improving the efficiency
and quality of care, and better educating our families, our medical teams and our community.

Research Highlights:

e Qur division is an active participant in the NephCure Accelerating Cures Institute, a clinical
care network directed toward facilitating clinical trials in nephrotic syndrome. Through this
collaborative, we have enrolled nearly 100 patients for longitudinal monitoring, and Levine
Children’s Hospital has been designated as a clinical site for a phase 2, randomized, placebo-
controlled study to evaluate Abatacept for treatment-resistant nephrotic syndrome.

* We continue to actively enroll patients in other NIH-sponsored studies, including Clinical
Phenotyping and Resource Biobank Core (C-PROBE) and Cure Glomerular Nephritis (CureGN).
We are in our 10th year contributing to the Chronic Kidney Disease In Children (CKiD) study
monitoring longitudinally cardiovascular risks, growth, cognition and disease markers in
progression in children with chronic kidney disease.

* The Center of Excellence for Pediatric Nephrology, launched in October 2016 with $1.8 million in
donations, provides a platform to grow Carolinas HealthCare System into a local, regional and
ultimately a national leader in novel clinical trial development and implementation for pediatric
patients with kidney diseases. The Center of Excellence promotes family-centered care for
children impacted by kidney disease by leveraging patient and clinician engagement, clinical
research, improvement science and best practices to transform the overall patient experience and
quality of life.

Advancing Patient Care and Improving Outcomes

Currently, health outcomes for children with kidney diseases are suboptimal. These diseases are
disruptive to daily life, and if unresponsive to therapies may result in kidney failure. Treatment
guidelines and protocols are available, but often based on anecdotal opinion rather than medical
evidence. We aim to advance the quality of care delivery by identifying and sharing best practices and
improving health outcomes for children with kidney disease.

Department of Emergency Medicine

Fast Facts: 61 publications; 18 book chapters; 48 presentations; 8 grants

The Department of Emergency Medicine conducts clinical research focused on a broad spectrum

of acute illness and diagnostic methodology to improve care delivery and in turn provide the best
care to the patients we serve. We conduct research in acute cardiac and neurologic emergencies,
trauma, concussion, pre-hospital care, sepsis, pediatrics, toxicology, ultrasound, injury prevention and
international medicine.

Research Highlights:

e We recently completed a multidisciplinary, double-blind, randomized, controlled, comparative
effectiveness trial of intranasal ketamine compared with intranasal fentanyl for analgesia in
children with suspected, isolated extremity fractures. This complex trial involved coordination
with nursing, pharmacy, orthopaedics and emergency department physicians to identify eligible
patients, obtain informed consent and administer pain-relieving study medication without delays
in care. Many clinicians prefer ketamine and believe it to be safer, but there is limited data on its
use for pain management in children. The results of this study will be used to design a larger study
that will provide data on the safety and efficacy of ketamine in the pediatric population.

* Through our international partnerships, we are conducting a qualitative study to begin to address
the disproportionate prevalence of undertreated pain in children in sub-Saharan Africa, where
limited resources and cultural views of pain amplify the disparity. The Faces Pain Scale-Revised
(FPS-R) has been validated in many countries, although not in Cameroon. Given that appropriate
pain management can improve outcomes and the patient experience, this study aims to improve
methods of identifying pain by evaluating whether the FPS-R may be culturally acceptable and
appropriate for pediatric use across cultural groups in Cameroon.

Advancing Patient Care and Improving Outcomes

A healthy 36-year-old female presented to the Carolinas Medical Center Emergency Department
following an episode of acute shortness of breath. She was found to have a fast heart rate and

low oxygen saturations. Given her symptoms and physical findings, the clinical team suspected a
pulmonary embolus (PE). An immediate point-of-care ultrasound was performed, which revealed

a dilated right ventricle, a finding suggestive of this diagnosis. A large pulmonary embolus was
confirmed following a CT scan of the chest and a “CODE PE"” was rapidly activated. She was then
given thrombolytic therapy (clot busting medicine) at the bedside. Within the ensuing eight hours the
patient’s symptoms resolved completely. She was contacted by phone 10 days after being discharged,
and is doing well.

This case illustrates two areas of ongoing research in our Department of Emergency Medicine. The first
is the use of point-of-care ultrasound to aid rapid diagnosis of pulmonary embolism. Our researchers
have published two papers in high-impact journals attesting to the value of this practice, and it is an
area of active research at Carolinas HealthCare System. The second is the CODE PE program, which
was developed at Carolinas Medical Center and is now deployed across all Carolinas HealthCare
System emergency departments. This program provides clinical guidance on the management of
pulmonary embolus and collects data to help clinicians understand optimal management strategies.
Additionally, there is active ongoing research evaluating the use of point-of-care ultrasound in the
rapid diagnosis of pulmonary embolus, with two publications in high-impact journals.
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Department of Family Medicine

Fast Facts: 7 publications; 1 book chapter

The Department of Family Medicine's Division of Research pursues applied research that expands
access to care, improves patient outcomes and ultimately drives positive change in the broader
healthcare system. This includes community research and engagement, implementation of innovative
primary care interventions that improve patient outcomes and participation in clinical trials that are
relevant to primary care.

Research Highlights:

* Two recent publications from the Asthma Comparative Effectiveness study (ACE) describe the
successful pilot of a communication system between inpatient care providers, outpatient care
providers and school nurses through linked electronic medical record systems and demonstrate
how shared decision-making for asthma care can improve outcomes.

e QOur researchers presented preliminary results of the ADAPT-NC PCORI study, a state-wide
intervention to improve outcomes for patients with asthma through shared decision-making, at
the 2016 Practice-based Research Network Conference, where they received the 2016 David Lanier
Top Poster Presentation Award.

e Through our Transdisciplinary Approach to the Understanding Social Determinants of Health
project, we have worked with community partners to understand the social determinants of health
at the neighborhood level and develop sustainable interventions. One intervention, a community-
based group called “Hispanos Unidos,” officially launched this year. Another effort, a partnership
between our Department of Family Medicine, the Stratford Richardson YMCA and the Charlotte
Action Research Project of the University of North Carolina at Charlotte, is engaging youth along
the West Boulevard corridor to develop a youth task force to address neighborhood social
determinants of health.

e Hazel Tapp, PhD, was awarded a FOCUS Investigator Initiated Program Award from Gilead
Pharmaceuticals to support Carolinas HealthCare System’s efforts to increase HIV and HCV
screening in primary care. The program, a collaboration between our Family Medicine Research
Division and the Department of Infectious Disease, includes the development of an HIV/HCV
screening initiative being rolled out to multiple primary care practices within our system along
with protocols for patients found to be positive for HIV/HCV.

Advancing Patient Care and Improving Outcomes

A 65-year-old college educated patient, who had recently been divorced from a substance-abusing
partner, came to Carolinas HealthCare System for primary care and was screened for hepatitis C based
on her baby boomer age and was found to be positive. After several therapies failed, she received
Harvoni therapy, resulting in an undetectable viral load (cure). The patient recently became certified as
an addiction specialist, and works to help clients struggling with addiction.

This story demonstrates how our research and practice improvements, such as efforts to increase
screening for hepatitis C and HIV, can help patients receive successful treatment and dramatically
improve disease outcomes.

Carolinas Simulation Center

Fast Facts: 10 publications

Carolinas Simulation Center works to improve patient care by conducting high-quality, multidisciplinary
research, simulation and education. We combine theory with applied research and incorporate expertise
from fields including healthcare, education, health communication, human factors and ergonomics to
design and implement innovative research to understand methods to advance patient care.

Research Highlights:

* One recent project funded by the Center for Medicare and Medicaid Services Partnership for
Patients assessed whether a coaching program for practicing surgeons could improve surgeons'’
technical and nontechnical skills to improve patient outcomes. Thirty-two practicing surgeons (18
general, 14 gynecologic) participated, with seven receiving a four-hour group coaching session
and an additional two receiving coaching sessions on technical skills. By helping to identify areas
for improvement with regard to surgeons’ technical and nontechnical skills, the project helped to
guide the implementation of coaching programs for surgeons on an ongoing basis to improve
outcomes in operating rooms across Carolinas HealthCare System.

* The Mental Skills Curriculum project, funded by the Agency for Healthcare Research and Quality,
is an ongoing effort focused on equipping surgical residents with the mental skills to perform
effectively in stressful operating environments. After completing the Mental Skills Curriculum
as part of the simulation-based Fundamentals of Laparoscopic Surgery Curriculum, residents
undertook operations in a porcine lab, where their results indicated the Mental Skills Curriculum
helped prevent performance deterioration. Our research teams are now observing the residents in
patient operating rooms to assess their use of mental skills before and during surgeries.

* In a collaboration with the Pediatric Emergency Department, our researchers helped develop a
pediatric airway checklist to decrease complications that can occur during intubation of pediatric
patients. The checklist, which contains specific items that need to be performed by physicians,
nurses, respiratory therapists and healthcare technicians, is currently being evaluated for
compliance and impact on patient outcomes in our children’s emergency department.

Advancing Patient Care and Improving Outcomes

Simulation based education and research provides a vital service by providing clinicians with the
opportunity to learn in a safe environment where they can learn from their mistakes. Engaging with
simulations allows clinicians to practice technical and nontechnical skills and receive feedback before
they ever interact with patients. Honing physicians’ skills in this way ultimately has a significant positive
impact on patient care and outcomes.
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Center for
Outcomes Research and Evaluation

Fast Facts: 28 publications; 1 book chapter

The Center for Outcomes Research and Evaluation (CORE) was launched in 2016 to catalyze and
support rigorous research and disciplined evaluation of Carolinas HealthCare System initiatives to
enhance our capacity as a learning healthcare system. Building upon its predecessor organization,
known as DA2 Applied Outcomes Research, CORE’s mission is to transform healthcare quality and
improve patient outcomes through research, evaluation and education.

Research Highlights:

e With a $286,000 grant funded by Merck and Co., Inc., CORE researchers collaborated with
pharmacy and primary care clinicians to complete the Clinical Inertia in Type 2 Diabetes Mellitus
Study. This important study found that nearly half of patients experienced clinical inertia in their
metformin treatment and that timely treatment intensification was associated with a higher
probability of achieving glycemic control after metformin failure. The results showed that higher
baseline Alc values, renal disease, liver disease and younger provider age were associated with a
lower likelihood of clinical inertia. These results, which were presented at the American Diabetes
Association 76th Scientific Sessions and the 2016 Academy of Managed Care Pharmacy Nexus, can
help to inform interventions for improving diabetes outcomes.

* A new integrated practice unit designed by Carolinas HealthCare System aims to improve
transitions of care for the highest risk, most complex patients. To test the unit’s impact on 30-day
readmission rates for high-risk patients, CORE is leading a randomized quality improvement trial
known as Aiming to Improve Readmissions Through InteGrated Hospital Transitions (AIRTIGHT).
AIRTIGHT is a non-blinded, pragmatic, controlled trial with two parallel groups evaluating the
effect of referral to the integrated practice unit inclusive of comprehensive multidisciplinary care
and virtual visits. AIRTIGHT provides a template for how future Carolinas HealthCare System
initiatives will be evaluated in the context of a learning healthcare system.

* CORE established a Data Coordinating Center to support a five-year study funded by the National
Institute of Dental and Craniofacial Research and overseen by Peter Lockhart, DDS. The goal of
this research is to determine whether oral bacterial species associated with poor oral hygiene,
gingivitis or periodontitis may contribute to infective endocarditis. To support this project, CORE
is responsible for creating the Case Report Form, creating and managing the database and
data management plan, query management, statistical analysis, site database training and data
safety monitoring. This study has built CORE's expertise in data coordination, providing Carolinas
HealthCare System investigators with additional research support capacity and helping to
generate NIH referrals for additional opportunities.

Advancing Patient Care and Improving Outcomes

CORE regularly collaborates with clinicians, administrators, patients and families to identify issues and
guide research directions. For example, interactions with patients have underscored the importance
of effective communication between the patient and the provider in effective diabetes management.
In another example, we learned through one patient that the complexity of the process for self-
administering injections may be an important barrier to successful outpatient parenteral antibiotic
therapy. Our researchers are investigating this issue in greater detail in order to offer solutions that
reduce barriers and improve outcomes.
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